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ABSTRACT 
Herbal extracts of 26 plants belonging to 20 different families of the plant kingdo m were evaluated for antifungal 
activity against Phomopsis azadirachtae, a fungus causing destructive die-back disease in neem. Test fungus was isolated from 
infected neem seeds. The screening was performed by poisoned food technique. Extracts of Syzygium aromaticum, Lawsonia 
inermis, Cinnamomum verum and Allium sativum exhibited significant antifungal activity in a dose-dependent manner. Relatively 
potent herbal extracts were further evaluated to determine the obligate lowest concentration required to inhibit visible mycelial 
growth of the pathogen. Syzygium extract exhibited 100% inhibition of the pathogen at minimum concentration of 20% then 
followed by Lawsonia and Ocimum extracts thus being strongest antifungal agents. The present study revealed that, t hese plants 
could be exploited for the possible control of deadly pathogen P. azadirachtae. Accordingly, this is an important step towards 
preventing the spread of the die-back disease through a more ecofriendly approach. 
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INTRODUCTION 
 Neem (Azadirachta indica A. Juss.) is a divine tree 
and a sacred gift of the nature. It belongs to the family 
Meliaceae. It is well known for its medicinal and 
biopesticidal properties [1-5]. Even with all its antimicrobial 
properties, it is not free from microbial diseases [6,7]. Die-
back of neem caused by Phomopsis azadirachtae [8], is a 
devastating disease resulting in almost always 100% 
reduction in fruit yield. The annual loss due to this disease 
could be several million dollars. P. azadirachtae is a 
Deuteromycetes fungus, which belongs to class 
Coelomycetes. It has branched, septate, profuse and 
colorless mycelia which turns pale brown later. Conidia are 
produced in the fruiting body called pycnidia. It produces 
two types of conidia in a cream to dark yellow coloured 
slimy cirrhi: alpha-conidia hyaline, fusiform, straight, 2-4 
guttulate, smooth, aseptate, germinate readily and beta-
conidia hyaline, filiform, hamate, eguttulate, aseptate, 
germination unknown. The fungus affects leaves, twigs and 
inflorescence, irrespective of age, size and height of the tree 
[9]. 
 The plant diseases caused by fungal pathogens are 
usually controlled by application of chemical based 
antifungal compounds. P. azadirachtae is sensitive to 
fungicides such as bavistin [9]. The chemical based 
pesticides are non-biodegradable and extremely toxic [10, 
11]. They have various drawbacks in terms of genotoxicity  
[12], hepatotoxicity [13], reproductive disorders [14] and 
immunosuppression [15]. Frequent use of fungicides has led 
to the emergence of resistant strains. Furthermore, 
environmental pollution caused by excessive use of 
agrochemicals, has increased the public pressure to reduce 
the use of synthetic fungicides in agriculture [16]. Hence, 
the need for effective and safe alternative has increased. 
Concerns have been raised about both the environmental 
impact, and the potential health risk related to the use of 
these synthetic compounds [10, 17].  Thus, it is necessary to 
search for alternative control measures that are non-toxic, 
eco-friendly and cost-effective for the management of 
pathogen P. azadirachtae. Plant extracts could be an 
alternative to toxic fungicides for controlling plant 
pathogens since they are composed of various bioactive 
compounds such as alkaloids, flavonoids, glycosides, 
phenols, saponins, sterols and etc. [9, 18]. 
 Medicinal plants are rich sources of antimicrobial 
agents and its therapeutic use is becoming popular because 
of its lesser side effects and resistance. There are more than 
270,000 higher plants existing on the planet earth. India has 
one of the richest plants medical traditions in the world and  
would not be needed for controlling the pathogen in vivo.  
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around 25,000 effective plant-based formulations used in 
ethanobotanical communities in India [19, 20]. However, 
only a small portion has been explored phytochemically  
[21]. In fact, huge efforts are being made to isolate bioactive 
products from medicinal plants for their possible utility in 
development of plant based biopesticides . The antimicrobial 
activity of different plant extracts has been reported by 
many studies [22-27]. Significant level of antifungal activity 
has been exhibited by crude extracts of various plants [22, 
28].  The use of essential oils for control of P. azadirachtae 
has been reported [29]. The aim of the present work was to 
evaluate the antifungal efficacy of aqueous plant extract 
against the neem die-back pathogen, P. azadirachtae using 
the poisoned food technique for determination of the best 
plant based product for effective management of the 
pathogen. 
 
MATERIALS AND METHODS 
Collection of plant material and preparation of aqueous 
extract 
 Twenty six widely available plants (Table 1) were 
selected based on an ethno-botanical survey. Leaf samples 
were collected early morning during the flowering season in 
March/April 2010 and 2011 from Dhanvantrivana, 
Bangalore University and Gandhi Krishi Vigyan Kendra 
(GKVK) University of Agricultural Sciences, Bangalore). 
Flower buds, seeds, bark, fruits, rhizome of different plants 
(Table 1) were purchased from the local market in and 
around Bangalore, India.  
 The freshly collected leaves were washed with 
running tap water and then rinsed in distilled water. The 
leaves were shade dried and pulverized using an aseptic 
electric blender to obtain a powdered form and it was sieved 
and stored in sterile polyethylene sample bags prior to use 
[9, 30]. Fifty grams each of different plant material was 
macerated with 50 ml of sterile distilled water for 10 min, 
filtered using double layered muslin cloth. The filtrate was 
centrifuged at 5,000 RPM for 20 minutes and supernatant 
was filtered through Whatman no. 1 filter paper and was 
subjected to antifungal assay. 
 
Test organism 
 P. azadirachtae was isolated from infected neem 
seeds according to Sateesh [9]. Neem seeds were processed 
to remove fruit pulp and surface disinfected with 2% 
sodium hypochlorite solution (10-15% available chlorine) 
for ten minutes and then rinsed five times with sterile 
distilled water. Surface sterilized neem seeds were plated 
onto the potato dextrose agar (PDA) medium amended with 
100 µg/ml chloramphenicol at the rate of 8 seeds/plate and 
incubated at 25
0
 C for ten days near bright light. Colonies of 
P. azadirachtae growing from infected seeds  were 
identified based on their colony characteristics, spore 
morphology [9, 31] and confirmed by the molecular method 
[32]. The isolated pathogen was sub cultured onto PDA and 
maintained at 4
0
 C for further use. 
Preparation of inoculum 
 P. azadirachtae was cultured on PDA medium 
amended with 100 µg/ml chloramphenicol at 25
0
 C for ten 
days near bright light. Five mm diameter mycelial disc 
retrieved from fresh cultures grown on PDA plates served 
as inoculum [33]. 
 
Evaluation of antifungal activity of crude aqueous 
extracts of botanicals 
 The antifungal activity of crude extracts of 26 
plants (Table 1) was evaluated by poisoned food technique 
using the Czapek Dox Agar (CDA) medium. The CDA 
medium amended with 50% aqueous extract of test plants 
was prepared and autoclaved. Then 15 ml of the medium 
was poured into each petriplate, allowed to cool and 
solidify. Five mm mycelial disc from seven-day old culture 
of P. azadirachtae was inoculated aseptically at the center 
of each plate and incubated at 25 ± 2
0
 C for ten days near 
bright light. Culture grown on CDA plates without plant 
extract served as control and CDA plates amended with 
bavistin (1mg/ml) served as positive control. Percentage 
inhibition of mycelial growth of P. azadirachtae by 
different extracts was evaluated using the formula % 
inhibition = dc – dt/dc x 100. Where, dc = Average increase 
in mycelial growth in control, dt = Average increase in 
mycelial growth in treatment [34]. Crude extract of 
botanicals showing positive effect among 26 plants on P. 
azadirachtae was further subjected to antifungal activity at 
different concentrations viz., 5, 10, 15, 20, 25, 30, 40 and 
50% against the test fungi P. azadirachtae to determine the 
Minimum Inhibitory concentration (MIC). Each experiment 
was repeated three times.  
 
Statistical analysis 
 The effect of plant extracts on the growth of P. 
azadirachtae was evaluated by univariate analysis of 
variance (ANOVA) using SPSS 19 statistical package. 
 
RESULTS AND DISCUSSION 
 In the present study, crude aqueous extract of 26 
plants (Table 1) were evaluated for antifungal activity 
against P. azadirachtae causing die-back disease in neem by 
poisoned food technique. Variable level of inhibition was 
exhibited by different herbal extracts (Fig. 1). Out of the 
twenty six plants screened, five plants viz. Allium sativum 
L., Lawsonia inermis L., Syzygium aromaticum L., Ocimum 
sanctum L. and Cinnamomum verum J. gave significant 
results (p<0.05) by completely inhibiting the pathogen P. 
azadirachtae (Table 2, Fig. 1 and 2). The plant extracts 
which exhibited 100% inhibition were further evaluated to 
determine the least percentage required for complete 
inhibition of the pathogen. The minimum percentage 
required to inhibit visible growth of the pathogen was found 
to be 20% for Syzygium aromaticum, 25% for both 
Lawsonia inermis and Ocimum sanctum, 30% for 
Cinnamomum verum and 40% for Allium sativum (Fig. 2). 
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The Syzygium extract completely suppressed the mycelial 
growth of P. azadirachtae at the low dosage of about 20%, 
thus a potent phytochemical compared to other positive 
plant extracts.  The main constituent of S. aromaticum and 
O. sanctum is eugenol [35-37], which has an aromatic 
nucleus and a phenolic OH group that can form hydrogen 
bonds with -SH group in the active site of target enzyme 
[38]. Eugenol is also known to disrupt the cytoplasmic 
membrane and results in cell leakage [39-41]. Similarly, the 
main constituent of C. verum is “cinnamaldehyde,” which 
contains an aldehyde group and conjugated double bond 
outside the ring [42-43]. This compound exhibited 
antifungal activity mainly by controlling β-(1, 3)-glucan and 
chitin synthesis in yeasts and molds [44]. The active 
ingredient in Lawsonia inermis is “lawsone” (C10H6O3), a 
naturally-occurring naphthoquinone which is well known 
for its fungicidal properties [45, 46]. Allium sativum has 
allicin as the principal component mainly involved in 
antimicrobial properties [47, 48]. Thus, antifungal activity 
of above discussed botanicals against P. azadirachtae is 
perhaps due to the presence of few secondary metabolites 
such as alkaloids, flavonoids, glycosides, phenols, saponins, 
sterols and etc. [49].The antifungal activity of plant extracts 
screened was found to be dose dependent, where the 
pathogen growth was completely inhibited at higher 
concentration of the extract as compared to lower 
concentration, which just slowed down the growth rate of 
the pathogen. This result is similar to the study conducted 
by Lakshmeesha et al. [10], Parveen et al. [50]. Several 
reports have stated the antifungal activity of medicinal 
plants against many phytopathogenic fungi [51-54]. The 
remaining plant extracts did not exhibit significant 
inhibition against P. azadirachtae even at higher 
concentration (50%). Thus, it cannot be considered as a 
promising fungicide for control of neem die-back pathogen 
P. azadirachtae. In contrast, the Syzygium aromaticum, 
Lawsonia inermis, Cinnamomum verum and Allium sativum 
extract supplemented with CDA medium did not allow the 
growth of the pathogen even after 20 days of incubation. 
This clearly suggests that the toxic effect of the extract 
would be retained for a longer period. This would imply that 
frequent application of the treatment would not be needed 
for controlling the pathogen in vivo.  
 
Table 1. List of plants used to evaluate antifungal activity against Phomopsis azadirachtae 
Sl. No. Plant Family Part of the Plant Used 
1 Allium cepa L. Amaryllidaceae Bulbil 
2 Allium sativum L. Amaryllidaceae Bulbil 
3 Aloe vera (L) Burm. Liliaceae Leaves 
4 Annona reticulata L. Annonaceae Leaves 
5 Capsicum annuum L. Solanaceae Fruit 
6 Catharanthus roseus L. Apocynaceae Leaves 
7 Cinchona officinalis L. Rubiaceae Leaves 
8 Cinnamomum verum J. Lauraceae Cinnamon 
9 Coriandrum sativum L. Apiaceae Dried fruits 
10 Cuminum cyminum L. Apiaceae Seed 
11 Curcuma longa L. Zingiberaceae Rhizome 
12 Eucalyptus obliqua (L.) Her. Myrtaceae Leaves 
13 Lawsonia inermis L. Lythraceae Leaves 
14 Mangifera indica L. Anacardiaceae Leaves 
15 Mentha spicata L. Lamiaceae Leaves 
16 Ocimum sanctum L. Lamiaceae Leaves 
17 Phyllanthus emblica L. Phyllanthaceae leaves 
18 Phyllanthus emblica L. Phyllanthaceae fruit 
19 Piper nigrum L. Piperaceae Dried fruit 
20 Psidium guajava L. Myrtaceae Leaves 
21 Punica granatum L. Punicaceace Leaves 
22 Syzygium aromaticum L. Myrtaceae Dried flower buds 
23 Tagetes erecta L. Asteraceae Flower 
24 Tamarindus indica L. Fabaceae Leaves 
25 Tinospora cordifolia (Thunb.) Miers Menispermaceae Leaves 
26 Zingiber officinale Roscoe Zingiberaceae Rhizome 
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Table 2. Percentage of mycelial inhibition of P. azadirachtae by different plant extracts 
Plant Percentage of inhibition 
Allium cepa L. 0±0 a 
Allium sativum L. 100±0 h 
Aloe vera (L.) Burm. 5.6±0.58 abc 
Annona reticulata L. 5.1±0.65 abc 
Capsicum annuum L. 14.6±2.5 abcd 
Catharanthus roseus L. 0±0 a 
Cinchona officinalis L. 26±5.29 def 
Cinnamomum verum J. 40±5.63 fg 
Coriandrum sativum L. 1.6±0.64 abc 
Cuminum cyminum L. 48.6±3.26 g 
Curcuma longa L. 40.4±2.2 fg 
Eucalyptus obliqua (L.) Her. 16.2±1.7 bcde 
Lawsonia inermis L. 100±0 h 
Mangifera indica L. 5±1.0 abc 
Mentha spicata L. 6.8±0.74 abc 
Ocimum sanctum L. 100±0 h 
Phyllanthus emblica L. 6.02±1.1 abc 
Phyllanthus emblica L. 9.24±5.6 abc 
Piper nigrum L. 19.9±2.8 cde 
Psidium guajava L. 29.9±8.4 ef 
Punica granatum L. 8.3±1.5 abc 
Syzygium aromaticum L. 100±0 h 
Tagetes erecta L. 0.4±0.05 a 
Tamarindus indica L. 6.4±2.6 abc 
Tinospora cordifolia (Thunb.) Miers 0±0 a 
Zingiber officinale Roscoe 8.9±1.6 abc 
Antifungal index are given as mean of three replicates. Mean values within column followed by the same letter are significant ly 
same at 95% confidence level. 
 
Figure 1. Antifungal activity of different herbal extracts on Phomopsis azadirachtae 
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Figure 2. Inhibitory effect of different herbal extracts on Phomopsis azadirachtae 
a: Syzygium aromaticum, b: Lawsonia inermis, c: Ocimum sanctum, d: Cinnamomum verum and e: Allium sativum. 
A 
 
B 
 
C 
 
D 
 
E 
 
 
CONCLUSION 
 The overall result of the present study has 
generated information about the possible use of the tested 
plants in the control of P. azadirachtae. However, further 
phytochemical investigations will be done to isolate the 
active constituents from Syzygium aromaticum, Ocimum 
sanctum, Lawsonia inermis, Cinnamomum verum and 
Allium sativum.  
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